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INTRODUCTION
Some of the first observations on ki4ney function
were made by early clinicians who noted the lack of

odor in the urine of patients with nephritis after

the ingestion of asparagus and turpentine (90) (10)�
Since these observations there have been many investi
gations conducted in an attempt to evaluate the func
tion of the kidney.

Rather than attempt to consider

all these investigations, this paper will be limited
to a discus�ion of the kidney function tests commonly
used today and other more precise tests.
In the first part of the discussion of each test,
the earlier studies which have aided in the development
of that particular test will be mentioned.

Before con

sidering any of these specific tests a brief review of
kidney function will be given considering both normal
and impaired kidney function.

In 1842 William Bowman (19), an anatomist, first

described the vascular arr�ngement of the kidney and
the detailed structure of the glomeruli and tubules.
Bowman thougl'tthat the urine arose from two sources-
one part �ontaining water and salt was produced by
filtration through the glomerulus and the other part
co ntaining certain urinary constituents was seez:eted
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by the convoluted tubules.

Ludwig held that the urine

was formed by the simple physical processes of filtra
tion and diffusion (58).
secretory process.

HeidEnhain thought it was s

In 1874 he elaborated on Bowman's

theories and suggested that the cells of the glomeruli

and the tubules were endowed with "vital activity" (49)
(17).

Cusbny (34) in 1917 brought out his modern theory

in which he retained the idea of simple filtration by

the glomerulus but postulated a function of selective
reabsorption for the tubules.

The general physiology of the kidney which will

be �iven is based on Marshall {74,75) and Smith (106,
107), and the pathological physiology ts based on
Fishberg (4�).

The elaboration of the urine is initiated by the

filtration into the capsular space of the protein-free

filtrate containing erystalloids of the plasma in·un
changed form.

This is probably a mechanical process.

As the filtrate passes down the tubule it is

altered in three ways:

(1) Active reabsorption by the

tubule eells of w ater, glucose, chloride, bicarbonate,
sodiwn, and other substances probably including urea.
(2) Physical diffusion of urea and othe� highly dif

fusible substanoes.

* Active

(3) Active excretion* o� certain

excretion--the active process of tr�nsferring
certain plasma C'Onstituents frOn the blood to the
urine via the tubular epithelium.
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plasma constituents and synthesis of ammonia and hip
puric acid.

Thus the elevation of conoentration of the

urine above that of the protein-free filtrate 1s accom

plished by the tubular function of reabsorbing water or

by a�ding certain constituents through the process of
excretion.

A�ter considering the physi�logy of the

elaboration of urine we may glance at all of the several
functions of the kidney, and it is helpful to consider
these functions in five main groups:
1.

2.

Elimination and conservation of body water.
Elimination and conservation of solutes.

3.

Ass.istance in maintaining acid and bas.e
balance of the body by its excretory power.

4.

Elimination of substances foreign to the
body.

5.

The synthesis of hippuric acid and ammonia.

When impairment of renal function begins, the

ki�ey first loses its power to concentrate the urine
after fluid restriction.

It next loses the power of

diluting after the ingestion of water.

This results

in a fixed specific gravity which gives a solution approximately isotonic with the plasma.

During limita-

tion of the concentrating power all the constituents
of the urine are affected so that urea, chloride,

phosphate, calcium, creatiriine, and ammonia concentra-
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tions are low while the pH is relatively fixed.

The

ability to excrete water is deficient, and foreign
test substances are eliminated in abnormalJ .y low con
centrations.

In diabetes the urina__ry sugar is low de

spite a high blood sugar.

When this impairment is ac

companied by jaundice, this jaundioe may be unaccom
panied by bilirubinuria.

In glomerulonephritis with

the start of impaired fimotion, the concentration of
albumin in the urine decreases sharply.

On ingesting

such substances as benzoic acid, ·ohlorides,·urea, and
creatinine, the concentrati ons of hippurie acid, chloride,
urea, and ereatinine in the urine are unnaturally low.
Diminished tubular function may be brought about
by three mechanisms--a decrease in the number of nep�ons,
damage to tubular ephtthelium, and a decrease in blood
flow.

When the number of nephrons is decreased, the

volume of the blood flow is not eut down proportionately
so that the blood flow through each remaining glomerulus

would be above normal.

The elevated blood pressure 1n

a contracted kidney is often regarded as a mechanism to
compensate for the diminiJhed glomerular filtration sur
face by increasing tilood flow and possibly capillary
pr�ssure.

Thus the glomeruli would be larger and the

tubules more dilated to carry a larger volume and if
their reabsorption is not correspondingly increased,
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urine of lower concentration results.

Fishberg (43),

however, states that this mechanism is only a working
hypothesis which corresponds to the microscopic findings.
The only si tuation in which we find tubular insufficien
cy with normal filtration is in diabetes inspidus, how
ever, in mercury poisoning the main lesions seem to be
in the tubules.

In the case of mercury poisoning we

get an anu.ria and oliguria which may be caused by casts
plugging the tubules.

In the recovery stage one may

find a low specific gravity and polyuria which is what
one would expect with only tubular damage.

Before

leaving the subject of impaired tubular function, the
damage to tubules by a decrease in blood flow should be
explained.

We know that the oxygen consu.mption is high

and since the energy for filtration comes from the heart
this oxygen must be used for tubular activity.

Thus, a

decrease in renal blood flow s hows its effect on tubular
activity.
A glomerular insufficiency with normal reabsorptio�,
excretion, and synthesis would show a dec!'eased clear
ance test, oliguria, and hig..h specific gravity.

This

is seen in three cases--acute glomerular nephritis as a
transitory stage, peripheral circulatory failure as in
hemorrhage and Addison's disease, and in heart failure
where it is rare except terminally.
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In the majority of instances of impaired renal
function both glomerular and tubular function are impaired.

This may seem surprisi.:ng in considering the

common forms of Bright's disease (essential hypertenston,
arteriolar sclerosis, glomerular nephritis, and amylo~dosts) which are initiated by glomerular lesions, but
if one considers the architecture of the blood supply
it is easier to understand.

Each tubule is supplied

by blood which first passes through the involved glomerulus.

Thus, since the glomerular lesions interfer

with the blood flow, the tubule with its high consumption of oxygen must suffer.

One can get so~e idea as

to the degree of involvement of each by observing the
volume which is lowered by impairment of filtration
and the specific gravity which is lowered by tubular
impairment.

One may also determ1.ne the degree of im-

pairment of the glomeruli and tubules by tests which
will be discussed later •
Fishberg (43) divides the impairment of renal
function into three stages.

The first division is

called the latent stage which can be demonstrated only
by renal function test8.

The second is the stage of

compensated impairment which may last for years.

The

damage in this stage is revealed by the diminution in

....,,

either the concentrating or diluting ability.

A
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reduction in the concentrating ability is compensated
for by increasing the volume of urine; a reduction in
the diluting ability
the specific gravity.

is

compensated for by increasing
The third division is called

the decompensated stage during which there is a retention of urinary constituents in the blood and tissues.
Talbott (11?) gave a practical classification of
renal function tests.

With the exception that the

urea clearance test has been added, the classification
which follows is the one given by Talbott.
Commonly Used Tests:
1.

Concentration tests.

2.

Phenolsulphonphthalein.

3.

Pyelography after intravenous diodrast.

4.

Determination of the N.P.N. in the serum.

Precise Tests:

'-"

1.

Urea clearance.

2.

Inulin clearance.

3.

Diodrast clearance.

4.

Tubular excretion of diodrast (Tmd).

5.

Tubular reabsorption of glucose (Tmg).

8
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CONCENTRATION TESTS

The theory of the concentration tests is to place
the patient under conditions in wtich the normal person
elaborates urine containing one or more constituents
in high concentration, and to see if the patient is
able to attain this concentration.

Since elevation

of the concentration of the urinary constituents above
that in which they exist in the plasma is accomplished
by the tubules, the concentration tests are really tests
of tubular function: but as noted in the introduction
impairment of tubular function is an integral part of
almost all instances of impaired renal function, including those due to primarily glornerular lesions.
Because of these facts and the fact that some of the
concentration tests require little in the way of laboratory equipment, they seem the most satisfactory for
the general practitioner and also for general hospital.
work ( 43).
That disease of the kidney may bring about a reduction in its functional capacity was first accurately
demonstrated by von Koranyi, the Budapest clinician, in

1897 (62).

He measured the freezing point of urine

from patients with and without kidney d1sease and found
that the greater the degree of destruction the less the

'-'
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freezing point depression.

In extreme cases the

freezing point of the urine was found to coincide with
that of deproteinized blood.

He used the term b.I.£os-

thenuria for the secretion of this urine with decreased
freezing point depression.

In 1900 Kovesi and Roth-

Schulz, from von Koranyi's clinic subjected patients
to specific test condit1ons and canpared the impairment to the normal by using this freezin&; point technic (64).

Kovesi and Roth-Schulz described both di-

lution and concentration tests (64).

K. Hansen of

Norway in 1903 ( 53) substituted tl:e specific gravity
determination for the time consum1ng cryoscopy and
showed thot this simple procedure a1 so measured the
molecular concentration, yielding results comparable
to his predecessors.

In the reser,rches of Albarran

in 1905 (6), on unilateral renal disease, he noted
various properties of tbe urine including the fact
that specific gravity varied less in the urine from
the diseased side.

Fishberg (43) also tells of Albar-

rr,.n's results being app]ied to bilateraJ kidney disease by Vaquez and Cottet (123) in 1912.

In further-

ance of this work, Volhard in 1910 (125) ~ikewise
substituted the specific gravity readlngs for the
freezing point deterrnins.tions and subsequent investi-

.__,

10

~

gators have followed him in this.

All this work was

leading toward the specific gravity tests of renal
function.
SPECIFIC GRi,V rrY '.!:1.§!.

The introduction of the systematic study of the
specific gravity as a test of renal function is due
to the work of Volhard in 1918 (126).
For the concentration and dilution test, Volhard
had his patients drink 1500 cc. of weak tea or water
on an e:rnpty stomach after emptying the bladder.

This

amount should be drunk in half to t~ree-quarters of
an hour.

No more fluid is taken until test is com-

pleted.

Urine is collected every half hour for four

hours and the amount and the specific gravity recorded.
The concentration phase starts immediately with dry
diet being given and Stimples taken every two hours.
If normal concentrcttion is not reached by afternoon or
evening, the test is continued to the next day (61).
The healthy person eliminates 1500 cc. in four hours.

The specific gravity rises quickly in the healthy individual and reaches 1.030 d.uring the same day or

evening.
Volhard's tests were modified by Lundsgaard in
1920 for hospital use.

'-"

This work was unpub1isherl and
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the following description of this modification is
taken from Alv:i.ng and Van Slyke (9):
Dilution -- The subject receives no water
after midnight. He voids at 7:00 a.rn., then
drinks 1000 cc. of water and voids each half
hour until 11:00 a.m.
Concentration -- The corcentration test
is done on a different day. No water is taken
after preceding midnight, a prescribed dry meal
is given at 7:30 a.rn. and repeated at 10:00 and
11:40 a.m. Urine is voided ~very two hours from
7:00 a.m. to 3:00 p.m. Specific gravity normally
raises a~ove 1.025.
Strauss (116) in 1920 gave a modification which
consisted of combining these two tests into a single
procedure.

Instead of using 1500 cc. Strauss used

1000 cc. of fluid.
In 1927 Rosenberg (96) modified the Volhard tests
by adding precautions to make sure thst the body was
in a normal and steady state of hydration.

For two

days before either the concentration or dilution tests
wh1ch were done on different days, the sub,4ect was put
on a controlled diet without usual variation in salt
and with 1500 cc. of water.

Weigr.t was taken before

and after the test to detect any instability in water
balance.

For the rest the technic was essentially that

of Volhard except that 1000 cc. of water was taken
instead of 1500 cc.
A test composed of details selected both from

'-'
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Volhard and Strauss was described by Pratt (89).

He

gave 1000 cc. of fluid at 7:00 a.rr. which was to be
taken in five to ten minutes.

At 7:30 or 8:00 a.rn.

tre subject may have rolls, toast, and an egg or other

dry food.

At 8:00 a.m. exactly, the urine is voided

and again at 9:00 a.m.

Thereafter the urine is col-

lected every two hours until 9:00 p.m.

The urine

voided from 9:00 p.m. to 7:00 a.m. the following day
is collected in one portion.

Relatively dry food is

given for lunch and supper and may be selected from
potatoes, cheese, meat, eggs, and toast.

If thirst

becomes annoying a measured amount of water is given
at 5:00 p.m.
Volhard in 1910 (125) asserted that the si:ecific
gravity should drop to 1.002 - 1.004, the full amount
taken at the beginning of the test should be passed in
four hours, and the concentration on another day should
get to 1.025 or higher.

Similar figures were given by

Friedrich v. Muller in 1925 (82) who states that if a
person takes one or one and a half liters of water soon
after waking on a fasting stomach the specific gravity
will fall to a very low level (1.001 - 1.005), the a-

mount voided in four hours will equal or exceed that
drunk, and during the remaining hours of the day the

'-
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specific gravity should rise to 1.024.

In Pratt's

work (89) he found that after using his regime previously described, tbe average urine voided in normal
persornwus only 888 cc. in four hours with a minimum
of 219 cc. and a maximum of 1596 cc. while in some
instances the specific gravity on~-Y fell to 1.007 and
1.013.

He concluded that if an abnormal response was

obtained, the test should be repeated and measures
taken to remove the extra-renal f&.ctors, chief of which
are dehydration of the tissws and an excess of water
in the organism.

With these varied results from the

dilution test one wonders if it isn't more a hazard
than a benefit.
Pratt's test was further modified by Buck and
Prager (24) who outlined the test with instructions
for the patient so that the test might be used in
office practice.
Addis and Shevky in 1922 (3) discarded the dilution portion of the test.

According to McDonald (71)

it had been shown at this time that the dilution test
gave less constant findincs, was less sensitive, and
added no information which was not supplied by the
concentration test.

The test of Addis and Shevky is

performed by having the sub_iect abstain from fluids

'-"

14

'-'
of ell sorts after breakfast until he rises from bed
on the morning of the following day.

The subject is

told to collect a twelve hour night urine from 8:00
p.m. to 8:00 a.m.

The urine is collected and the

specific gravity measured.

No preparatory period of

special diet is suggested.

In normal individuals

previously following an ordinary diet, the average
specific gravity of urine obtained was 1.032, 95% of
the tests showed values of 1.028 or above, and that
100% were above 1.026.
In 1927 Fishberg (42) also used only a concentration test.

He found serious disadvantage to per-

forming concentration and dilution tests on the same
day where it is most often needed as in hypertension.
Here theTe is a degree of circulatory weakness and
this may prolong the excretion of the ingested water
for hours so that observation through the day may not
show true concentrating power.

Ftshberg in 1927 re-

ported a rather simple concentration test.

At 6

o'clock in the evening befor~ the test, the patient
eats the usual supper which should not contain more
than about 200 cc. of fluids.

After this he neither

eats nor drinks until the test is canpleted.

Before

retiring he empties the bladder and discurds the urine.

'-'
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On waking he passes urine which is kept separately.
The patient remains in bed, urinates in an hour, and
again in another hour.

The specific gravity of all

three specimens are measured.

If kidney function is

unimpaired the specific gravity will exceed 1.025,
often going as high as 1.032.

In uremia the specific

gravity will be under 1.020 and usually much closer
to 1.010.

In tests showing low specific gravity it

is important to see if edema is being evacuated.

He

believes that he can dispense with the dilution test •
In using the concentration test one must differentiate
between the compensated stage (Polyuria) and the decompensated stage (retention) of impaired kidney function.

To do this the blood chemistry should be studied.

The concentration test Fishberg was using in 1939 (43)
differs only slightly from the one described.

About

noon of the day before the test, he has the patient
eat hj_s usual lunch.

The evening meal should include

considerable protein but no fluid; meat, potatoes,
other vegetables, and pie or gelatin dessert is a
suitable menu.

From here on the test is the same as

described except that the hour preceding the third
specimen the patient is up and about if he is able.
In private practice wtth morning office hours the

._,
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patient can bring these samples to the office soon
after 10 o'clock.

He also modified his lower limit of

specific gravity to 1.022 above which kidney function
is unimpaired.

The third specimen passed while the

patient is up and about occasionally helps in the
detection of orthostatic alburninuria.

It must be

remembered that the specific gravity test is purely
a test of tubular function.

Thus it does not reveal

the uncomplicated impairment of glomerular filtration
which sometimes occurs in acute glomerulonephritis
and in prerenal azotemia.

In botb circumstances the

glomerular filtration may be diminished sufficiently
to produce retention of potential urinary constituents
in the blood despite the fact that tubular function is
so little damaged that the specific gravity of the
urine is high •
Lashmet and Newburgh (65) in 1930 published a
test in which the subject remains in bed for four days
during the first three of which he is on a speci~l
diet.

The diet consists of 45 grams of protein, 106

grams of fat, and 180 grams of carbohydrate.

The

sodium chloride intake is from 2 to 3 grams daily,
and the fluid intake is 1500 cc.

At 6:00 p.m. on the

third day, after the patient has had supper, all intake,

.._,
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both food and fluid, is stopped until noon the following day.

All urine is discarded except the speci-

men obtained fra:n 10:00 a.~. until 12:00 Mon the
fourth day.

The specific gravity of this two hour

specimen is determined.

This test met with practical

ob2ections which were that the patient was confined
to bed for a three day period and the amount of food
in the diet was often too much for ill patients to
consume.

To surmount these difficuJties Lashmet and

Newburgh (66) purposed a modification of their first
test.

For this they used a Tycos micro urinometer.

They correct for albumen by allowing 1% equal a .003
correction in the specific gravity.

The diet used

contained protein - 40 grams, fat - 104 grams, carbohydrates - 204 grams and 1900 calories.
sodiUr.1 chloride was added.

One gram of

They figured out the total

solids and wnter available from such a diet.

The

water available was found to be 700 grams and when a
person normally loses from 1000 to 1500 cc. of water
daily by evaporstion, 1000 to 1500 as urine, 100 to
200 cc. in the stool, it is evident that a total in-

take of 700 grams is severe restriction and at the
same time the amount of total solids prese~ting themselves for excretion is maintained at a high level.
These conditions put the kidney under great strain.
w'
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The technic will be described briefly.

At 10:00 p.m.

of the night preceding the test all fluids and food
except the specjal diet, were withheld for thirtyeight hours.

From 8:00 a.m. the following morning

until 8:00 a.m. twenty-four hours later, all urine
was collected as one specimen.

During this twenty-

four hour period the special diet was taken.

No other

food or fluid was allowed during the remainder of the
thirty-eight hour period.

Specimen two was collected

at 10:00 a.m., ending thirty-six hours of the "wate:r;fast.

11

Specimen three was collected st 12:00 M ending

the thirty-eight hours of "water fast."

The subjects

were allowed either their usual activity or bed rest.
A set of instructions was given

t<)

the patients.

Under these conditions the normal· subject was able to
concentrate to a specific grav1ty between 1.029 and
1.032 while the diseased kidney can not.

This was

found to detect lowered kidney function before it is
discernable by either the phensulphonphthalein or the
blood N.P.N.
The dilution test has been mentioned in connection
with the Volhard test.

This test will show a high

specific gravity in the concentration test if the diminution in glomerular filtration is not accompanied by

_,

19

'-"
functional impairment of the tubules as may occur in
acute glomerular nephritis and prerenal azotemia.

Such

prerenal factors as edema from heart failure or hypoproteinemia or the other causes of prerenal azotemia
may be indicated by this discrepancy revealed by the
dilution test.

But in these cases Fishberg (43) feels

that the deficient water excretion in the dilution
test is most often due to decreased renbl blood flow.
He also feels th8t the dilution test rarely offers
infor~ation not obtainable by the clinical facts and
the concentration tests.
TEST t."EALS.

A modification of Volhard's test using a special
diet was first introduced by Hedinger and Sch1ayer (55)
and modified by Mosenthal (78).

The test as originally

described by Mosentha1 (78) in 1915 was used to measur~
kidney function by measuring the specific gravity, salt,
nitrogen, and water excretion in two hourly periods
during the day and for a twelve hour period at night.
'Nith the prescribed diet the quantities of water, salt,
and nitrogen should approximate the intake.

A normal

individual yields a specific gravity which varies ten
points or more from lowest to highest, a night urine
of 1.018 or more and high in its percentage of nitro-

•-..,·
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gen (above 1%), and small in amount--400 cc. or less.
When kidney function is involved, the first signs are
usually demonstrated in the night urine: the quantity
is increased and the specific gravity lowered.

In

myocardial decompensation the results of kidney activity are characteristic, the sper.ific gravity is
markedly fixed at a level of about 1.020,

salt out-

put is diminished, that of nitrogen is high and there
is oliguria.

When cardiac deco"'1pensa tion -and chronic

nephritis coexist, you may get eitner picture.
After further observation restriction of diet
was found by Mosenthal (79) to be unnecessary.
this article he also

SB.

In

id that the night urine may be

as high as 750 cc. without indicating diminished kidney function.

Nocturnal polyuria may even be absent

when there is marked renal insufficiency but when it
is present, it indicates a distinct impairment of
renal function •
In carrying out the Mosenthal test, the urine is
collected in two-hour periods from 8:00 a.m. to 8:00
p.m. and in a twelve-hour period from 8:00 p.m. to
8:00 a.m. the next morning.

The specific gravities

of the two-hour specimens are measured, and the
volume and specific gravity of the night specimen are

'-
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also measured.
(23) in 1932 are

The normal values given by i1'.osenthal
e

specific gravity of 1.020 or above

in one or more of the two-hour specimens. a spec1fic

gravity difference of not less than 0.009 between the
highest and the lowest. and a volume less than 750 cc.
for the t·.,vel ve-hour uri.ne.
cor:c~·:::'I''{,1'I0N TES'LS USING POSTrqrcB. PD1 TJT'J'i,1i.Y EX'I'RACT •

The use of posterior pituitary extract in the
performunce of kidney function tests was first advoc8ted in 1900 by Leberman (67).
Posterior pituitary extract inhibits water diuresis by producing an increased reabsorption of water
by

the renal tu.':::'ular epithelium.

Its use has there-

fore been advoctitPd as a substitute for the required
period of ..,ater deprivatj_on necessary in the performance of the standard concentration tests.

Sodeman

and :b.:ngelhardt ( 111) evaluated th i.s meth0d by submitting patients to three or more of the following
procedures:

1. A modified Fishberg concentration test
with tnB restriction of f1utds fran 6:00 o'clock
the previous evening. The overnight urine was
discurded end half-hourly specimens collPcted
from 9 o 1 clock in the morning until 11:00 a.m.
or 12:00 M.

.._,

2. The saJ"le proc edur P wj th the administra tt on of 0.5 cc. (10 units) of surgical
pituitrin subcutaneously at 9:00 o'cloc~ in the
mo-rning.

22
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3. Free access to fluids until 9 o'clock in
the morning when they were restricted: the pituitrin admjnistered and 30-minute specimens
taken as above.

4. Free access to fluids until 9 o'clock
in t:re morning, when in 15 minutes 1600 cc. of
water were given followed by ad.ministration of
0.5 cc. of surgical pituitrin either (a) before
or (b) after diuresis had started; specimens
were col.lee ted at hal f-bour intervals.
5. The fourth proced11re was repeated without thP administration of the pituitrin.
Trey found tr'.rJt they couJ.d ettest to the effectiveness of the pituitrin

test in producing urine as

concentrated as tr:.:.t prod,1ced by the modified Fishberg
technic.

A striking parallelism was found in the

results of the tests employing water restriction and
those employlng pituitrin.

The dosages of posterior

pituitary extract used did not produce significa>1t
chenges in t~e blood pressure of either the nor~sl or
the Bbnormal group, even in the presence of m8rked
hypertenston 8-nd uremia.

They did not use it in marked

ol iguria, pregnancy, angine. pectoris, or myocardia 1
infarction, but they did use it in arteriosclerotic
heart disease with congestive failure w1th no bad
results.

In all no!'1'>1al subjects studied by tbem, the specific gravities were found to be equal to or to exceed
those obtained by a standard test with water restric'W
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tion; however, this procedure does not give the
"ceiJing" specific gravity which r'lay be obtained but
it does show that the standards set up are workable
ones.
In edema diuresis where other concentration tests
fail, this inhibits diuresis sufficiently to obtain an
estimation of tubular function.
Following the sdministration :,f pituitrin, the
highest specific gravities were obtained in a perj_od
varying from 1 to 2 hours.

After 3 to 6 hours di-

uresis is again resumed .
In 1943 Schneeberg, Likoff and Rubin (101) compared the pituitrin test to tbe Fishberg concentration
test by having the patient empty his bladder and administer pituitrin at the same tiwe designated in the
Fishberg concentration test but without food or fluid
restriction.
used.

The same 0.5 cc. dosage of pituitrin was

Tb,:y used a specific gravity of 1.020 as an

arbitrary dividing point.
normal.

Those above were consjdered

In studying 100 cases they found only 10 cases

where the tests fai1ed to correlate.

Of these 10 cases,

the pituitrtn test failed to reach the high concentration in only four cases.

In the otrer six cases, the

pituitrin test was evidently correct as no abnorMality

._,,
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could be found.
About a month later Wall (12'7) reported a comparison between the pituitrin test, the Fishberg concentration test, and the phenolsulphonphthalein tests.
The test with posterior pituitrin was done without
special preparation of the patient.

His findings were

that the two concentration tests gave similar results.
The 43 patients with hypertension or hypertensive
heart disease but without renal iwpairment had values
above 1.020.

In most cases where there was variation

the solution of posterior pituitary gave a higher
value.

In 5 cases the Fishberg test gave specific

gravity beJow 1.020 while the posterior pituitary test
gave values of 1.020 or above and no other evidence of
renal impairment existed.
In the four cases of congestj_ve heart faDure,
they tested. the posterior pituitary solution seemed to
give maximum concentration even in presence of edema.
Wall (127) alr.o checked the blood pressure in 6
patients with hypertension and found thot with the
patients resting quietly in bed during the procedure
there was a slight rise in the blond pressure in the
first fifteen minutes but in no case did it go above
the usual pressure the patient maintained when he was
up and about.

'-"
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To review the advantages of this test, we must
first mention the elimination of the prolonged period
of deprivation of fluids which is important in dea11ng
with an unintelligent or uncooperative patient.

In of-

fice practice it eliminstes another trip for the patient
and also the necessity for carrying urine bottles.

An-

other important advantage is its use in the presence of
a reservoir of fluid in form of edema or ascites.
Contraindications in the test are pregnancy and
coronary heart disease especially with acute myocardial
infarction.

In angina pectoris without recent infarction

it should be used with extreme caution.
INTERP-qE'l\.'l1 ION ,,.r;D VAUJE OF 'l1Fll~ CCNCENTR,TION 'l'EST.

-- --

In considering the value of the c0ncentration test,
remember that the concentration test is purely a test
of tubular function, but it must be noted a1so that in
the vast majority of instances of renal impairment injury to the tubuh1r function is included (43).

Fishberg

(43) lists one csse in which the concentration test
would fail 2nd tbat is in the unc~mp 1 icated impairment
of glomeru18r fiJ tration which occurs in some instances
of acute glomeru}8r nephritis and of prPrenal azoternia.
This is characterized by the triad of 0liguria, high
specific gravity of the urine, ard azotemia.

'-"
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InvalidHting factors which must be considered in
order to mave the correct interpretation of a concentretiJn test are those factors which may increase the
water output or decrease the solid output.

Thus one

must consider the effect of such things as the amount
of salt and protein in the diet (68), the degree of
desiccation or water fJooding of the patient, the
storage or excre'ci,)n of edema fluid, presence of cardiac decompensation {3}, presence of endocrine, and
nervous or metabolic conditions {71).
In interpreting a low specific gravity, one must
consider the various causes of low specific gravity
which may be found in wideJy vurying conditions.
Mosenthal (79) states that a low specific gravity may
be found in marked anemia, elimination of edema, pyel-

itis, polycystic kidney, prostatic hypertrophy, urethral
stricture, cord bladder, and diabetes insipidus.

Des-

pite the factors mentioned it has been a matter of experience that when signs of renal lesion exist or have
existed consistently low concentrstion tests afford
presumptive evidence that renal d&image exists (43).
Constantly high specific gravity may be found in
pure cardi&c failure.
The concentration test tells us that there is renal

impairment~ but to see if this impairment is being
'w'
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compensated for by the kidney one must do blood
chernistry to see if any of the substances norma]ly
elirn:lnated by the kidney are piling up in the blood
stream.

~hen the concentration test reveals impair-

ment, one may follow the progress of the kidney damage by observing a progressive fall in the specific
gravity of the urir,e until 1 t becomes fixed at a level
near 1.010.

If the dama 6 e of the kidney increases

further, there will be no further change in the specific gravity of the urine--it will remain fixed at this
low level.

In the progression of renal darr.age there

is a period between fixation of the specific gravity
and the piling up of N.P.N. in the blood that one is
not able to follow by either concentration tests or
blood chemistry (39).

The progression of kidney dam-

age during this period, however, may be followed by
more precise tests whic:b wi11 be discussed in another
part of the paper.
Following are some of the men who, in recent
years, have reported favorably on the sensitivity and
the practicability of the concentration test:

Ross (97).

Stieglitz (11~), Egloff (39), Fishberg (43), Corcoran
(32), McDonald (71), Buck and Prager (24), Reaves (91),

Bunce (25), Pratt (89), Van SJ.yke (121), and Green ( 49).
'-1
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DYE TESTS

As early as 1857 observations were made concerning
the delayed elimination of certain drugs and in 1873
some work was done with fuchsin (20).

Since then, many

substa~ces have been tried for tests of excretion.

A-

bout 1897 methylene blue was ve~y popular but it was
found that it undergoes changes in the body, is sometimes completely destroyed by the body tissues and its
excretion lasts for too long a period (10}.
About 1880 indigo carmine was first used in experiments by Reidenhain (56) in his investigation of the
physiology of the kidney.

He showed that the epithelial

cells of the convoluted tubules were the portions of the
kidney substance which excreted th~s dye.

In 1903

Voelcker and ?oseph (124) used it clinically in estimating renal function.

Since then this test enjoyed

a period of popularity but it does not lend itself to
colorimetric estimation as well as does phenolsulphonphtha1ein and now is used mL,inly by the urologists.
Since the dye is visible as it comes througb tbe ureteral orifices it helps in localizing these orifices
and sowe urologists feel that it is better for studying
unilateral invol vernent (119).

In us1ng indigo cr.,rmine

for studying unilateral kidney disease one may insert

'-"'
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a cystoscope end watcb for the appearance of the dye

and the intensity of color.

The appear1once time will

be delayed and the intensity of co1or decreased in the
kidney w"hich is diseased.

A disadvantage

to indigo

carmine is that the cystoscope may have to be left in
place for too long a period (38).

In using the phenol-

sulphonphtbaleln test for studying unilateral kidney
disease the ureters must be catheterized.

Todd and

Crowell (120) call attention to the fact that catheters
in tf'.e ureters allow a certain amount of dye to run
into the bladder.

Herman in a recent publication (57)

prefers pbenolsulphonphthalein for both total ~nd unilateral function tests.
Unilateral function tests Will not be discussed
in any more detail in this paper.

The phenolsulphon-

phthalein test as used in testing total function will
be discussed more cornp]etely.
PHFNOLSUL"hGNPFI'H;.LEIN.

Ira Remson in 1885 (93) described the drug, phenolsulphonphthalein.
Dr. ;\bel (20).

He prepared the drug 8nd sent it to

In 1909 J,.bel and Rowntree (1) discussed

the pharmacology of phthalein and pointed out its excellent qualities.

In 1910Rownt,...ee and Geraghty (98)

presented en exhaustive study showing the value of

"-"
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phenolsulphonphthalein.

At this time tney used the

Doboscq colorimeter end gave the drug subcutaneously.
The tirne of appearance was found t~ very from 5 to
11 minutes.

In the first hour fro"rl

407;

to 60;b was

excreted and from 60% to 85% was excreted in two hours.
In 1911 Rowntree and Geraghty (99) again described the technic an~ o~escnted 0ases showing the test
to be of value for diagnosis ancl :prognost s in nephritis, cardiorenal cases, and in uremia and cases
simulating it.

Tney found the test to reveal the true

condition of kidney in cases of obstruction and in unilateral and bilateral kidney disesse.

They said that

the drug could be given subcut9.neously, intravenously,
and intramuscularly.
Cabot and Young (26) substantiated the results of
Rowntree H.nd Ger&ghty but they thought the test's true
val".1e in nephritis required furth••r study.
The lun1bar muscles absorbed the dye better than
the gluteal muscles according to qowntree and Geraghty

(100).

In thts publication they said that diuretics

had no influence on phthalein output.
The curve of elimination of phenolsulphonphthalein
in nephritis was said by Rowntree (98) to differ from
normal in that the maximu"l'J intenslty is slowly reached.

'-"
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Later Snowde:1 (llO) noted that the ear11.est indication
of imp;:-:_tired renal function was a delay in dye excretion.
Thus, a person with nephritis might have a total output
of 60% in two hours with only 30% appearing tn the first

hour w}1er>e as in a normal per!'i on 50% appe~Jrs in the
first hour.
Sha 1N in 1925 (104) established a nor:r1al curve of
elimination by ta}ring specimens at 5 minute intervals

after intravenous injection.

Since this was done with

considerable difficulty, 15 minute intervals were adopted.

Be found an avera2;e of 4Q;S of the dye appeared

in the first 15 minute period, 17% in the second, 8% in
tbe third and gradue.Jly decre3sed to 0.5% in the eighth
period.

He applied this technic a,d f~1nd marked ab-

normal:tties in many cuses where the two-hour test \V13s
nor;nal.

i--

decreased output in the first 15 minute per-

iod or a delc,y in the peak of eliminGtion was frequently
the only evidence of kidney disease.

He stated that 15

mtnute intervsls are only needed when exact information

is desj_red and suggested 30 minute intervals as being
more prcJ~ticbl for routine use~

Sha 11v aJso stated that

i!'l.travenous admlnistration has been shown by many workers
to be by far the most accurate and reliable: in other

methods absorption becomes a f3ctor and tends to cause
~
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discrepancies.

Ockerblad (84) al~o published an

article on fructional kidney function tests •
Thomas {119) in 1930 said that as early as 1914
he used the index of elimination which is nothing more
than a fractional test using a ratio rather tban a curve
as a f&ctc:>r f'or informotion.

The index is defined as

the ratio of the output of the first to the third period
of the normal cycle of elimination of a dye or other excretory product.

He used indigo carmine in his first

work with the index.

He folmd tht- t normally the kidneys

will eliminate about five times the amount of dye in the
first as in the third 20 minute period following intravenous in ;ection.
0

~\hen renal function is impaired, the

onset of e1imtnatior is delayed and there will be a
reletively larger output in the third period.

So long

as the quantity of output in the first period exceeds
th.at in the thtrd period, the index remains in what
Thomas terms the positive phase.

As long as

the ratio

is in the positive phase, surgica 1 intervention may be

safely practiced according to ThonHis.

'J.'hen the output

in the third period is ~ore than that in the first
peri~d, the index is in negative phase.

Tho;nas be-

lieves that the stability of rena:1_ function can be
measured from a single determin&tton and that if the

._,,
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index is in t~e positive phase ary other test of vidney function is superfluous.
Chapman and Halsted (28) studied the fractional
method for two years in 20 normal subjects and a large
nmnher of patients with suspected renal disease.

After

this study they say, rtit is particularly significant,
on review of all cases, that an abnormal elimination
of the dye was reflected chiefly in the first 15-minute specimen, and so this is by far the most important.
For the general practitioner and in the outpatient department this determinatiin alone would be sufficient
in most cases."

In their study they used the intra-

venous in;ection of the dye and collected the specimens
at 15, 30, 45, 60 Bnd. 120 minutes.

'rhey also found

that the fractional test may show evidence of impaired
renal function vren the test as '.lsually done, with
hourly collecttons, is interpreted

as

normal.

'rhey

found the fractional phenolsulphonphthalein test to
be as inforr.-H:itive as the urea cle&rance and believe

it to be the method of choice in followtng the progress in kidney disease.

Since Chapman und Halsted 1 s work, other men have
confirmed the fact th&t the fractton~l test is much more
sensitive than the test using hourly specimens.

'-"

Pol-

34

.._,
lowin,g are some of the men who have mentioned the
increased sensitivity of the fractional test:

Corcoran

( 32), Freyberg, Gillard and Ganesbauer { 46), McDonald

(71), Talbott (117), and Egloff (39).
In performing the test ustng intravenous injection,
the patient first empties his bladder, drinks 600

cc.

of water, and after 30 minutes 6 mgm. of dye are injected intravenously.

Uri~e collections are made at

15, 30, 45, 60 and 120 minutes, and the percent of dye

estimated by comparing Ni th standards ( 9'7).
1

The amount

of dye is estimated by add.ing sufficient 10% sodium
hydroxide solution to the urine to bring out the maximum red color.

The urtne is, then diluted to 1000 cc.

(to a s~aller volume if excretion is poor) and compared with a standard which has been prepared by diluting 1 cc. of phenolsulphonphthalein solution with
water to make 1000 cc. (43).

As Shaw (104) mentioned,

it may be more practical to use 30, 60 and 120 minute
collections of urine, and if a case is doubtful repeat
the test using 15, 30, 45, 60 and ~-20 minute specimens.

For intramusculsr injections. the patient usually
drinks a 1;lass of water 10 minutes before the dye is
injected (generally into lumbar muscles), then empties
his bladder, the first specimen is collected about an
~
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hour and ten mlnutes later and the second specimen
an hour after that (43).
IN'tERPR E'l\. T ION Ai; D V,~.LUE.

While interpreting this test one must remember
that the dye is excreted mainly by the tubules.
Goldring, Clarke and Smith ( 48) have shown that in
low concentrAtions in the plasma occurring in the
test, about 94% of the dye is excreted by tubular
function and 6% by glomerular filtration.
For the fractional method the usual values given
are that the normaJ. subject should excrete from 30 to
50% of the dye in the first 15 minutes, an additional
15 to 25% should be found in the specimen collected
at 30 minutes, and that the total excretion usually
exceeds 70~ (97).

Some authors say anything above

25% in the first 15 minute period (117) or above 63%
for the total (28) should be considered normal.
For the intramuscular iniecti~n
of the dye, 40
..
to 60% in the first hour and 20 to 25% in the second
hour are considered normal values.

This gives a total

of from 60 to 85% in the two hours ( 43).
As noted in the work of Sha 11\T (104), Thomas (119),
and Chapman and Halsted (28), the earliest sign of
disease in the kidney is decreased output in the first

_,.,
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15 minute period and thus a delay in the peak of
elimination.

With nephritis the 15 to 30 minute period

may show only 5 to 10% of the dye.

A total of 40% in-

dicates probable disease, while levels of 20 to 30%
means definite nephritis, and less than 10% in two hours
means fairly immediate fatal prognosis (97).

Fishberg

(43) states thet in the aged the dye is not excreted as
in the prime of life.
of over

50;6

Delafontaine (36) found excretion

in only 2 of 21 heal thy old people while 1 t

was under 40% in 14, and in 5 it was between 10 and 20%.
In the aged catheterization is often necessary to be
sure the bladder is completely emptied.
In interpreting these tests it must be remewbered
that cardiac decornpensation with chronic passive congestion, marked dehydration, and other things interfering with the renal blood flow may produce a marked
transient decrease in the output of dye.

Blasucci (18)

calls to our attention the fact that the liver and other
organs may take from 3 to 35% of the dye fro~ the blood.
This could be t~e cause of e dec~eese in the dye output which would not be a fault of the kidneys.
Many authors mention the tec~nic in in~ecting the
dye, and the timing and col1ection of the urine as possible sources of error in this test.

'-"
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be on guard for anything which may cause retention,
and in these cases the bladder must be completely
emptied by catheterization to get the accurate dye
output.
Fishberg (13) says that the possibility of a
normal dye output in a damaged kidney due to the compensating polyuria must always be vept in mind.
Thomas (119) lists several conditions in which elimination is likely to be greBter than normal--hypertension, aortic regurgitation, early diffuse chronic
nephritis, fever, hyperthyroidism, and hematuria.
Since some of the dye is taken up by the liver, severe hepatic damage would result in a higher output

than would be warranted by the condition of the kidney •
Freyberg, GilJard and Ganesbauer (46) found that
the fracti :mal test is unreliable as a measure of
renal function in the last three months of pregnancy~
Green (49) says t:het this test is especially of
VHlue in interstitial nephritis, in surgery cases,
and in differentiating uremia from conditions simulating it.

Green, however, believes that the inter-

pretation of a low phenolsulphonphthaletn test is
rather hazardous.

._,..
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PYELOGRAPHY

Talbott (117) in 1942 classified pyelography as
one of the commonly used tests of renal function, and
in recent years there have been several articles discussing the interpretation of pyeJography as an aid in
,judging the function of the lddney.

A brief discussion

of its use will be given.
In using excretory urograms for interpreting renal
function, one must be familiar with the iodine preparations which are used.

If there is clinical evidence of

kidney dise1:1se a contrast medium that will be elaborated
largely by the tubules should be selected, and diodrast,
hippuran, and neoiopax are such media (85)while skiodHn
is excreted largely by glornerular activity (117).
The data collected from urogrems to a id in interpretation of function as listed by Kornblum and Fetter
( 63) are:

"The findings on the survey film, the in-

tensity of the excreted dye in the various portions of
the urj_nary tract in the five, fifteen, thirty, and
seventy-five minute ftlms, the rate of excretion of
the dye, the effect of the erect position on the position of the kidneys and distribution of the dye, the
ability of the renal pelvis to eliminate the dye and
the nature of the pathological condition revealed by
~
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the examin~ tion. 11
The sensitivity of the patient to the compound to
be used should be determined the duy before the test
and on the day of the test it is well to have material
in the room for combating a reaction.

For anyone

giving a history of allergy, Pendergas (85) gives a
prophylactic dose of from 0.2 to

o.5

cc. of epinephrine

(solution of 1:1000).
The following discussion of the interpretation of
the excretory urogram has been taken largely from an
article by Kornblum and Fetter (63).

Normally the

urographic medium should make its appearance in the
renal pelvis and ureter within five minutes of the
intravenous injection, but the Visualization will not
be adequate at this time.

They warn that visualization

at five minutes may be definitely below norma1 and yet
at fifteen minutes and thirty minutes show function to
be normal.

When no dye is present at either ureter or

bladder, it could be the result of obstruction at
ureteropelvic jun~tion or an inflammatory involvement
of the pelvis interfering with its contractibi1ity.
Under conditions of obstruction, the amount and intensity of this dye above the obstruction·might give the
impression of excellent function in the presence of

...,
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definite impairment.

It is in the fifteen and thirty

minute films that visualization of the upper urinary
tract is normally at its best.

Frequently unduly ir-

ritable pelves and ureters w111 not retaln the dye
(empty rapidly) and this makes their visualization difficult.

They also warn that one shouJd be suspicious

of the excretory urogram which resembles the visualization seen in retrograde pyelography; in such cases
one should look for obstruction or an inflamatory
process and be prepared for some impairment of function.
In the film made at either sixty or seventy-five minutes after the injection of the dye the upper urlnary
tract should be nearly free of dye.

The amount and

intensity of dye in the bladder gives the clue as to
total renal function.
Retention of dye by the pelvis and ureter at sixty
minutes usually me •ms obstruction or inflamation and
always means a possibility of impaired function.

To

observe the best visualization in the sixty minute fi]m
is definitely abnormal.

In these cases there is usually

no dye at five minutes and a gradual appearance of the
dye in the fifteen and thirty minute films and this
denotes irnpaj_red renal function.
Bilateral nonvisualizat:ion usually means a marked
'W
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impairment of function as occurs in cases of severe
nephritis.

One should always remerriber that kidney

function may only be impaired at the ttme of examination.

Temporary abeyance is common with ureteral

calculi.
Nonvisualization may mean a permanent loss of
renal function from destruction due to a tumor or it
may result from congenital or acquired absence of the
kidney.
In hydronephrosis kidney function may prove its
presence by an increase in the density of the kidney
as corpared with the scout film.

This increase in

density is due to the :r:resence of dye in the kidney.
In interpretation of excretory urography there
is always the personal equation of the interpreter

to be considered.

Another important factor to con-

sider is the roentgen technic.
Kornblum and Fetter (63) came to the conclusion
that excretory urography was less accurate than the
phenolsulphonphthaletn test but from a practical
standpoint it could be relied upon in the majority of
cases.

When in doubt function should be checked by

other tests.
Findley, Edwards, Clinton and White (41) pro-

'-'
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posed a method in which the last X-ray is taken enough
before the end of

a

thirty minute period after injec-

tion in order that the patient may finish voiding precisely thirty minutes after injection is completed.
The iodine concentrstion of tri~ specimen is determined
and the :i:ercent of the injected
culated.

iodine is easily cal-

They conclude that norm9l subjects excrete

approximately 45% of the injected dose of diodrast in
thirty minutes, and reductions in the rate of iodine
excretion are roughly proportional to the variations
in urea clearance.
Baumrucker (16) brought out the fact that the best
visualized pyelograms had a high spec:i_fic gravity.

In

some of his cases the specific gravity rose to 1.065.
Since the specific gravity of diodrast is 1.093, the
increase in specific gravity was due to a concentration
of the excreted urine by the excreted diodrast.

He

developed the following equation~
Volume of dye= (vol. of mixture)(increase in specific
gravity)
(specific gravity of dye)-(specific
gravity of the urine)
With this formula, he found the number of cubic centimeters of diodrast excreted in the number of cubic
centimeters of urine in fifteen minutes following the
injection of a 30 cc. ampule.

'-"
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supplies the numerici:ll equ:tva]ent or the percentage
of dye excreted.

Kidneys unable to concentrate the

urine following injection of diodrast enough to cause
an added rise in specific gravity of the excreted urine
of 0.018 will usually have fainter pyelograms.

If

normal values were estub1ished, this method of calculating the percentage of dye excreted should also
give va1 -oo s which vary roughly with the function of
the kidney.

,._,
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CLEARANCE TEST

It has been found that the excretion in the urine
of several substances of widely dtfferent chemical
nature have one property in common: that for each of
them the rate of excretion in the urine is, under proper
conditions, directly proportional to the concentration
of the blood (71).

From this it follows that the ratio

of the excretion rate to the blood concentration is a
figure independent of the actual concentration in the
blood over a wide range.

It is this figure which is

believed to indicate the excretory efficiency of the
kidney.

By clearance therefore is meant the ratio of

the excretion rate of a substance expressed in milligrams per u...~it time divided by the average concentration of the substance in the blood plasma during that
time expressed as milligrams per cubic centimeter.
In their classic investigations Van Slyke and
his associates developed the concept of blood clearances which has become fundamental in the quantitative
study of kidney function.

By

clearance of any sub-

sttince these investigators understand the volume of
blood containing the quantity of the particular substance excreted in a unit of time.

Thus, the urea

clearance is the volume of blood which contains the

.._,,
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amount of urea excreted in one minute's urine.

The

word clear2nce is not to be taken literally, for when
blood passes through the kidney none of its constituents is completely removed; in the case of urea for
example, less than one-half of the urea content of the
blood is generally removed on each circuit through the
kidney ( 43).
In the discussion of the clearance test, the experimental work which aided in the development of the
idea of the urea clearance test will be given.

Then

the urea clearance test will be discussed and a ratio
used in a manne~ similar to the urea clearance will be
mentioned. In the last part of thi. s section other clearance tests will be presented.

-

UREA CLEARANCE Tl:ST

-

Investigations in 1827 and 1828 created interest
which led to experi~ents that progressed toward the
work that is now being done on clearance tests.

The

story of this progress will be given briefly.
In 1827 Bright first described the disease ~hich
has been called after him (21).

According to Moller,

McIntosh and Van Slyke ('76} Wohler performed the
thesis of urea in 1828.

syn-

This was the first time that

any organic substance had been synthesized in vit~o

(7'7).

"'-'

The coincidence of these two events created
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interest in urea excretion in Bright's disease.
Christison (30) found the serum urea content increased in three patients out of six, and further observed that in these three cases the rate of urea excretion was slower than in the other three cases.

In

1836 Bright (22) found a serum urea concentration of
1500 mgm. percent in a case of uremia.

He noticed that

the concentrations of urea in the serum and in the
urine of this patient were the same, in that while the
urea in the serum was increased, the urea in the urine
was only about one-third the ordinary normal value.
These findings were soon confirmed by other authors,
and in 1851 Frerichs (45) stated that while in acute
cases of Bright's disease the urine urea concentration
and urea output were both normal, in chronic cases
both were lower than in normal subjects on the same
diet.

In such cases he believed that the determination

of the urea concentration c€ the urine could be of
diagnostic value.

A few years later diagnostic use of

the blood urea concentration was recontmended by Picard
( 88) •

During the second half of the nineteenth century
the investigation of the kidney was chiefly concerned
with morphological and circulatory changes.

There

were a few who commented upon the usefulness of the

.._,
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determination of urine urea concentration (50) or excretion rate (33) (52).
The study of urea excretion was resumed when in
1900 the interest again turned to the functional aspect of Bright's disease.

The type of investigation,

however, was slightly different.

Determination of the

blood urea content and the urea excretion rate were
carried out (separately or combined) not only for purposes of qualitative diagnosis, but in order to furnish
quantitative information about the degree of functional
impairment of the kidneys.

The unrelated measurement

of excretion rate or of urea concentration in the urine
was soon found to be unsatisfactory for this purpose.
The reason was that both these factors are too dependent on the rate of protein catabolism and the urine
volume.

The influence of protein catabolism was fully

recognized at the time, but that of urine volume was
not (77).
Archard and Paisseau (14) brought patients into
nitrogen equilibrium and then added to the diet 20
grams of urea daily for several days.

They measured

the urea output per twenty-four hours, and noted the
rapidity with which the extra amount of nitrogen was
excreted.

This procedure was difficult and the results

not very consistent.

'-"

The method was abandoned, but
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was revived occasionally by later authors.
Other investigators turned their attention to the
blood urea, and neglected the excretion.

The determin-

ation of blood urea was introduced into clinical medicine by Strauss (115) and by Widal and Javal (128).
For diagnostic procedures determination of blood urea
concentration has an advantage over determination of
urine concentration, in that with ordinary urine volumes the blood figure is less dependent on fluctuations
of water output.

Other factors being constant, however,

the bl~od urea content is proportional to the rate of
protein catabolism (77).

If a given subject breaks

down into urea half as much protein daily his average
blood urea will be half as high, given a constant urine
volume.

If the urine volume increases Within the ordi-

nary range (below the augmentation limit}{}, the blood
urea will be further diminished, increased water output will wash out more urea from the blood.

Both of

these factors are likely to be operative in nephritis
in order to compensate and thus prevent a rise in

blood urea proportional to the amount of renal destruction.

MacKay and MacKay (70) report data which agrees

with that of Moller, McIntosh and Van Slyke (77)
-i:-

._,.

Augmentation limit -- defined pages 53 and 54 •
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showing that many nephritics do not show blood ureas
definitely above the normal maximum until 60% of renal
function has been lost.
The concept of comparing simultaneous urea determination in blood and urine
(51).

was

introduced by Grehant

He used the concentration ratio U/B as an ex-

pression of renal functional ability.

He, however,

did not consider the effects of urine volume changes
on the urea concentration, U, in the urine and because
of this even approximate constancy can not be obtained
with this ratio.

Later, the inconsistencies of this

U/B ratio were reviewed by Harrison (54) who emphasized
the fact that more consistent results were obtained
when the urine volumes were below 150 to 100 cc. per
hour.

Although this reduces the inconsistencies which

,may be introduced by urine volume changes, it also
limits the conditions under which the observations can
be made.
Ambard (11) in 1910 attemptec to establish laws
governing the excretion of urea from the kidney.

His

thought was that if the concentration of a substance
in the blood and urine was known, the action of the
nornal kidney could be anticipatec with mathematical
accuracy.

Thus, in 1912 Ambard and Weill (12) were

the first to include both urea output and urine volume

'-"
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in attempting quantitatively to relate urea excretion
to blood content.

They found that urea excretion in

normal subjects, and also in nephritics, was governed
by two laws, relating output to b1ood and urine concentrations respectively.

These laws were combined into

the urea excretion formula of Ambard and Weill (12),
which, with numerical constant is:

K =

B
1'D

•

iu

Band U represents concentration of urea in blood and
urine, and D indicates rate of urea excretion.

Davis

(35) says that this proved unsuccessful because of the
variable factors for which it didn't account.

But it

did focus attention on the necessity to collate the
level of a substance in the blood with its rate of excrf,tion in the urine.

Jessup (59) refers to the work

of some French writers who stated in 1926 that Ambard•s
first law, namely that the urinary concentrations being
constant, the output of urea varies directly as the
square of the blood urea, is incorrect, and the second
law, namely the blood ur_ea being constant, the output
of urea varies inversely as the square root of its
urinary concentration.is not only incorrect but illogical.

Moller, McIntosh and Van Slyke (77) point

out that they took tbe reciprocal of Ambard's formula
and made certain corrections to arrive at their standl

srd urea clearance formula which-will be discussed later.
'W"
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F. C. McLean (72) put the Ambard formula into a
more convenient form by squaring 8nd inverting it, and
adding a numerical constant which made 100 the average
normal value of this "urea secretory index. n
In 1916 Addis and Watanabe (4) found a wtde range
of variation in results calculated from normal subjects
by Ambard and Weill's formula, and presented data indicating the degree of inaccuracy of the two basic
assumptions.

They studied the rate of excretion of

urea by healthy adults receiving a constant diet.

It

was found that so long as water was available and conditions were constant, the rate of excretion of administered urea would increase in proportion to the amount
of urea ingested.
The next year Addis and Watanabe (5) applied these
findings to the problem of renal function.

They intro-

duced the ratio:
grams of urea in one hour's urine
grams of urea in 100 cc. of blood
as an indication of renal function.

They emphasize

that intake of food and water should be standardized
and the urea factor should be increased so that the
variables become relatively negative.
this they say:

In regard to

"This experiment illustrates an

important principle in measuring renal function--

.._,.
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that the function may be normal under ordinary conditions, yet defective under strain.

The administration

of a large quantity of urea before the test therefore,
h&s not only the advantage of tending to equalize the
experimental conditions, it may also serve to bring
latent deficiency to light.''
In 1922 Addis (2) commented that the fundamental
principle applicable to all function tests had been
entirely neglected--the maximal effort of which the
organ to be tested was capable.

He found that the

amount of urea excreted in one hour's urine was directly proportional to the amount of urea in 100 cc.
of blood and that the ra ti6 urea in one hour's urine
urea in 100 cc. of blood
indicated closely the amount of functioning tissue in
the kidney provided that the urea-excretory capacity
was subjected to strain.

Taylor, Drury and Addis (118)

confirmed this and found that the normal ratio varied
from 40 to 50.

This means that under "Addis" condi-

tions the human kidney will excret as much urea in one
hour as is contained in 40 to 50 times 100 cc. of

blood.
McLean and de Wesselow (73) introduced the urea
concentration test.

In the interest of simplicity

they reverted to a single determination, the urea
~
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concentration in the urine, as a test of renal function.
Certain standard conditions were prescribed for its
determination.

They gave 15 grams of urea with 100 cc.

of water and noted whether or not the urine urea concentration in the two subsequent hours rose above 2%.
If it did, they considered the kidneys fairly efficient.
Gross errors due to dilute urines were excluded by rejecting tests in which the secaMd hours urine volume
exceeded 150 cc.

If the secona hours urine specimen

was rejected they would wait for the third hour when
diuresis would be over--if it lasted longer deficiency
of the kidneys was probable.

This method invites error

by the neglect of the blood urea.

For examole, if

urinary function is so low that only a tenth of normal
blood volume is c1e~red of urea per hour, the urea output will nevertheless be normal if the blood urea concentrHtion is ten times the ordinary concentration.
The interpretation of figures for urea concentration
in urine is uncertain unless the blood urea content is
knov'm as well as the ur:tne volume.
The present conception of urea clearance began in
1921 with the work of Austin, Stillman and Van Slyke
(15).

They first showed that Addis' urea excretion

ratio is independent of urine volume only when volumes
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of urine exceed a limit of

!:l

bout 2. cc.

this limit, the "augmentation limit."

They cal 1 ed
When the amount

of urine was below this leveJ, they found the urea excretion rate fell in proportion to the square root of
the volume.

In 1928 Moller, McIntosh and Van Slyke (77)

confirmed these results on normal subjects, and in another paper (77) published at the same time they showed
that the rate of urea excretion in nephritic patients
varied with the blood urea content and urine volume in
the same manner as in normal subjects.

So with these

findings and their previous work as a basis they described their urea clearance test.
In describing the urea clearance test, we must
recall the "augmentation limit."

The rate of excretior::

of urea is at a maximum when the urinary volume exceeds about 2 cc. per minute (the "augmentation limit").
It 1s then simply proportional to the blood urea concentration and is not increased by further increments
in the volume of urine.

Thus, if the blood urea is

unchanged, the rate of excreti0n of urea is the same
with a urinary volume of 5 cc. per minute as with one
of 10 cc. per minute.

The simple proportionality be•

, tween the rate of excretion of urea and the urea concentration in the blood when the urinary volume 1s

.._,,
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above the augment at ion limit means that the kidneys
excrete per minute the amount of urea in. a constant
volume of blood.

Since this is the largest volume of

blood.which the kidneys are able to clear of urea,
Van Slyke terms it the "maximum urea clearance" {77).
We have mentioned previously that below the augmentation limit the rate of excretion of urea is not
only directly proportional to the blood urea but is
also affected by the urinary volume in such a fashion
that it is proportional to the square root of the
urinary volume.

Thus, if the blood urea stays the

same while the urinary volume falls to one-fourth of
its previous value, the rate of urea excretion is cut
in half.

Because of this effect a comparison of the

rates of urea excretion in two observations can only
be made by making observations at the same urinary
volume or recalculating the urea excretions to what
they would be at the same urinary volume.

Since it

would be impossible to keep the urinary volume at a
given level, Van Slyke recalculates the observed rate
of excretion of urea to what it would be at an arbitrarily chosen standard urinary volume of 1 cc. per
minute.

The urea clearance thus calculated is called

the "standard urea clearance." Van Slyke and his associates (77) gave the following formulas for maximum
'-w'
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and standard urea clearances:
Maximum clearance= Cm
tation limit).

s

UV/B (above the augmen-

Standard clearance = Cs = U/B
augmentation limit).

fv

(below the

U is the urin9ry urea in milligrams per
100 cc.
Bis the blood urea in milligrams per
100 cc.

Vis the urinary volume in cubic centimeters
per minute.

The normal adult forming urine in fairly abundant
amounts excretes each minute the urea contained in
75 cc.

This is the average Value for maximum clearance

but it varies between 64 and 99 cc.

The mean standard

clearance is 54 and it varies between 41 and 65 cc.
{77).

As an example, one may suppose a normal person

whose blood urea is 15 rngm. percent is forming urine
at the rate of 2 cc. per minute with a concentration
of 563 mgm. percent urea nitrogen.

The 2 cc. formed

each minute contained 11.26 mgrn.; this is the amount
of urea in 75 cc. of blood (11.26 x 100). Thus, UV/B
15
equals the urea clearance in cc. per minute. In the
example above 563 x 2

= 75 cc. of blood apparently is

15

cleared of urea each minute.

This may be expressed

as percent of normal if the value in cubic centimeters

per minute is multiplied by 100/75 or 1.33.

.._..,

Thus,
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when the volume exceeds 2 cc., UV/Bx 1.33 represents
the percent of normal clearance.

For standard clear-

ance the normal average volume is 54 cc. per minute.
The percent of normal is calculated multiplying by
100/54 or 1.85 •

We should remind ourselves that a clearance of
75 cc. per minute does not imply that only 75 cc. of

blood passes through the kidney, J osing
urea on the way.

a 11

of its

Actually more than 750 cc. of blood

perfuse the kidney each minute losing 10% of its urea.
But since this porportion of urea removed from the
blood is fairly constant, the urea clearance is a
rough

estimate of renal blood flow (32).
The technic of the urea clearance will be given

as explained in a recent article by Van Slyke (121).
Except in fairly advanced cases of nephritis it makes
no significant differen~e if the patient lies down
during the test or walks about but it is desirable
that nephritic patients, who have advanced to less
than 50% of normal clearance, rest in a reclining
posture durtng the test.
To promote a fairly free flow of urine during
the test a glass of water is given at the beginning
of the test and again an hour later after the first

._,,

specimen has been collected.

This diminisbes the
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relative error caused by retention of urine in the
collecting tubules and bladder at voidings.
Two specimens of urine are collected, each over
a period of about an hour.

A single specimen of blood

for analysis drawn near the middle of the two hour
interval serves for comparison with both urine specimens.

In starting the first period, the subject after

drinking his first glass of water. empties his bladder
completely without saving the specimen, and the time
is recorded or a stop watch started.

Just preceding

the end of the first hour a sample of blood is drawn
for analysis.

Following this and at approximately

the end of an hour, the subject again voids c ompletel:;
and this is saved as the specimen from the first perioc:.
At the moment the subject finishes voiding the time is
immediately recorded and watch immediately restarted
for the second period.

The subject then drinks his

second glass of water.

At approximately the end of

the second hour, the subject again voids completely,
the time is recorded, and the specimen for the second
period is saved.
It is not essential that each of the periods be
exactly an hour.

It may be longer by several hours

or it may be shorter providing enough u~ine (prefer-

,._,

ably over 50 cc.) is voided to prevent undue error
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from the volume retained.

The essential things are

that the time at which the voiding of each specimen
is finished is accurately recorded and that the conplete urine content of the bladder is obtained.
In children it is frequently necessary to wait
for spontaneous urination.

For these cases, an auto-

matic recording device described by Farr (40) is a
great advantage.
The urine is measured accurately so that the
volume per minute may be calculated and the concentration of urea determined.
Van Slyke usually draws 2 cc. of blood for analysis, but in children only 0.2 cc. need be taken from
a finger, ear, or heel and urea determined by microanalysis.

The amount of blood needed may be more de-

pending on method of urea determination used.
Thus, one saves two specimens of urine collected
at a pproxi:ma t ely hour interve.ls and a sample of blood
is drawn about in the middle of this two hour period.
IN'.PERPRETATION .t.ND APPLIED VA LUE.

In interpreting the test we must first consider
the normal variations.

'JVe

have mentioned previously

that the urea clearance is a rough estimate of the
renal blood flow and so we would expect it to vary

'WI
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as the renal blood flow varies.

Since the renal blood

varies from moment to moment in a normal individual,
one would expect a variation of the urea clearance·
over a certain range in the norrraJ individual.
Van Slyke ( 121) gives the usual rBnge as being from
75 to 130 percent of average normal but occasionally
a single clearance determination on a normal individual will fall outside this range.

Corcoran (32) lists

the normal ranee as 70 to 130 percent.

Bruger and

Mosenthal (23) consider the values above 75 percent of
normal usually, though not always, indicate intact
renal function, those between 50 and 75 percent are in
a doubtful range, requirlng further study and those below 50 percent are always indicati"e of decreased renal
efficiency •
There is some evidence that the u:---·ea clearance is
affected by the protein content of the diet.

Cope (31)

says that the continued use ;)f diets low in protein may
extend the lower limit of norrial variE1tlon to 50 percent
of normal.

Jolliffe and Smith (60) showed that dogs

have a higher urea clearance when on a high protein
diet than when on a low protetn diet.

This was con-

firmed by Van Slyke and his coworkers (122).

Leiter

(69) says that the development or subsidence of edema,

._,,
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the adm1.nistration of drugs, even of diuretics, the
level of the blood urea, and other variab}es ·r,htch
make it difficult to carry out certain renal function
tests or to interpret their results have little disturbance upon the urea clearance •
While considering the variation of the urea
clearance test, it is interesting to note that Fowweather (44) and Penington (86) find that the urea
clearsnce vurie s less in the sec:)nd hour after the
ingestion of urea.

It is their practice to carry out

the test in the second hour after the ingestion of 15
grams of urea i.n 100 cc. of water.

Davis (35) says

that there is a remarkable agreerrJent hetween this modified urea clearance and the crea t1n1.ne and xylose
clearance (an agreement not found under ordinary
Van Slyke conditions).

He feels that this supports

the view th&t this modified test is sound, reliable
and accurate and that there seems adequate justification for dispensing with the calculation of these
values without the adminis tra ti on of urea.
In 8CUte nephritis the urea clearance may remain
normal or f r3l J to a tenth of normal, al though such a
fall does not exclude recovery.

However, if the

clearance which has fallen in acute nephritis does

.._,,
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not begin its return toward normal before the end of
the fourth month of the disease recovery is not usual
(32).

For a good prognosis it should be back to normal

by four months (37) •

The fall of the urea cle!:lrance in chronic nephritis appears to be roughly proportional to glomerular
destruction and is therefore largely irreversible.
However, patients often rernain at work in comparative
comfort until the cle&rance has fallen to 10% of normal.

When clearance has fallen to 5~-;g uremia is im-

minent.

This is true whether tbe disease is hemor-

rhagic, nephritic, or hypertensive in type (32).
Clearances reduced by back pressure usually return
to normal if irreversible damage has not been suffered.

In cases of true nephrosi8 or the nephrotic

stage of Bright's disease the urea clearance test may
at times show normal values in spite of severe proteinuria.

However, as in essential hypertension,

where the urea clearance may remain normal for years,
0orcoran says th.at the concentration test vvill usual 1 y
show a decrease of the c~ncentrating power of the kidneys.

He also states that routine ex&minations of

urine are of comparatively little value in the prognosis and treatment for neither the amount of albumen,

..._,.
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the number of red blood cells, nor the number and
character of the casts are indices of renal function.
Two disadvantages of the urea cleara~ce test
most often given ::ore the need for an ac~ura te coll ec ti on of urine over

1:1

given period of time and that

exacting procedures arP needed for blood and urine
urea determinations.

Some of the difficulties in ob-

taining all of the urine

the kidneys produce during

the test period are ~aused by prostatic obstruction,
diverticuli of the bladder, eystocele, and incontinence but these may largely be overco~e by the use
of a catheter (71).

The effect diet may have on urea

clearance has already been menttoned.
Extra renal factors that produce condittons of
shock or depression i~ which the blood is withdrawn
from the peripheral circulation should be considered
in interpreting most tests of renal function.

Such

a state occurs in traumatic shock, gastro-intestinal
obstruction, Asiatic cholera, sometimes in acute infections in children, and various other conditions
(121).

Other things interfering may be reflex anuria

following surgery and cardiac decompensation.

Since

the nephritic patient is more su"b.-:ect to conditions
of collapse than the normal person, a smaller degree

'-"
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of shock will cause fatal renal f~ilure.
dehydration, and ci~culstory failure

r1Dy

Vomiting,
also cause a

temporB ....Y fall in renaJ function according to Van Slyke.
Cantarow G.nd Ricchiuti (27) find urea clearance
conststentJy low in tr~e hcst -cart 0f pregna:cy.
~aximal clearances of Van Slyke, with a meAn nor-

mal value of 75 cc., are considered constant above the
11

aug,..,.,entation Jimit."

The validity of this distinction

has been rendered doubtful by recent work.

Chasis end

Sr.i th l 29) have not observed a dE,fj_nj te point on the
urine fl O'V scu7 e above HJhich a cc1 nst3nt maxiJ'1'18l urea
clearBnce is observed.

~rnberson (13) suggests working

from an err.perica] curve combining the u:1ta of Chasis
snd Smith (29) and Chesley (130-132).

From their graphs

~rnberson took the following mean normal vaJ.ues:
Urine Flow
cc./niin.
0.1
0.2
0.3
0. ,'.J:
0 .::
•

L/

0.75
1.0
1.5
2.0

4.0
6 .1J

8.0
10.0
12.0

la n
J

....,

•

\j

Urea Glear~1nce
00./1.73 sq.m./~in.
9

18
27
36
43
50
54
57

60
62.5
65
66.5
68
73

78

65

.....,,
The figures given here have the virtue of indicating
the gradual rise in the clearance values over the
range in which Van Slyke and his &ssociates considered
the clearance to be constant.

The percentage of nor-

mal function at any urine flow can be simply determined by dividing the actual urea clearance by the
mean normal value at that flow.
Most of the men using urea clearance feel that
the specific gravity is the more sensitive indicator
of mild degrees of damage while the specific gravity
test does not show the progress in the more severe
degrees of renal damage.

So they suggest the use of

both the urea clearance and the concentration test in
following the progress of kidney damage.

Van Slyke

(121) s~ys that by the time the co~centration test
becomes fixed at a low level the urea clearance has
usually fallen to 30% of normal.
The urea ratio reported on by Mosenthal and Bruger
(80) in 1935 will be mentioned here because it is used
in following the progress of a nephritic patient in a
similar manner es the urea clearance.

Nepveux and

Hiernaux (83) point out that Schondorff and Strauss
in Germany and Widal and Rouchese, in 1906, in FJ"ance
were the fir~t to study the "azotenic ratio" which

'-"'
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Mosenthal and Bruger call the urea ratio.
In 1917 Mosenthal and Hiller (81) re~orted on
this ratio with results similar to this report (80)
except that their ratio was at a higher level because
of the different chemical methods used in determining
the total N.P.N. of the blood at that time.

The ratio

they studied was 100 x urea nitrogen.

N.P.N.
They studied 219 patients in establishing the
normal values and found the limits of normal were 20
and 43.3.

Then they established urea ratio with

maximal impairment by studying 16 patients with diffuse glomerular nephritis with uremic manifestations
and found that 80 indicates a maximum impairment al-

though it may rise above this and may go from 90 to
91 in certain cases.

They compared this ratio with the urea clearance
and found that the discrepancies were so slight that
if one was of value, the other must be satisfactory.
They also found that the ratio showed a rise in
mechanical obstruction when impairment of renal was
present and thet in liver disease there may be a very
low ratio.

In this report they concluded that the urea ratio
expressed as a percentage of urea nitrogen in the total

'-"
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N.P.N. in the blood (100

x

urea nitrogen)

is a satis-

N.P.N.

factory index of renal efficiency.

When the Folin-Wu

filtrate (laked blood) is used for the determination
of both urea nitrogen and of total N.P.N. in the blood,
they noted the urea ratio varied with renal function
as follows:
1.

With normal renal function there was an
index of 44 or less.

2.

With maximal impairment of renal function,
there was an index of 80 or higher.

3.

With improvement in renal function, there
was a drop in the ratio and with progressive
impairment of function there was a rise in
the ratio.

Determination of this ratio at intervals enables
one to follow the progre;:;sive ~hanges in renal efficiency and affords a reliable index of renal function,
regardless of fluctuations of the total N.P.N. although the urea nitrogen or the urea ratio reveals
renal insufficiency when it exists (80).
This test may be carried out on one specimen of
blood.

It does not require prolonged observation of

the patient or collection of the urine and is equally
applicable to those in private practice and to those
in the hospital.
OTHER CLE:,R-,.N CE TESTS.

In recent years other clearance tests are
¥
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frequently being mentioned in the li.terature.

These

tests have resulted chiefly from experiments carried
out in research laboratories where the main interest
has been in the norrna1 renal physiology.

Attention

is now being directed to possible clinical application of the interesting findings which have come from
these laboratories.
Rehberg (92) introduced the creatinine clearance
test which he thought would determtne the volume of
glomerular filtrate since he assumed that creatinine
is filtered into the urine through the glomeru.lus and
neither secreted or reabsorbed by the tubules.

The

validity of this assumption, however, was disproven
by Smith (106) and Shannon (102).

Some workers now

maintain that endogenous creatinine, if determined by
improved analytical ·methods is an accurate measure of
glomerular filtration rate, but this is denied by Smith,
Finkelstein, and Smith (109), who report such variability in results that trustworthy calculations are
impossible.
A variety of evidence obtained by Smith (106) and
by Miller, Alving and Rubin (76) and their associates

indicates strongly that the polysaccharide inulin is
a substance eliminated in man solely by glomerular

,,_,
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filtration, and one which is neither reabsorbed nor
secreted by the tubules.

Inulin clearance would appear

to be a measure of glomerular filtration.

While it is

now generally agreed that inulin furnishes a most acceptable tool for renal clearance studies there are
some investigators who suggest the use of al terna ti ve
substances.

Among thsse may be mentioned sucrose

which Winkler and Parra (129) and Steinitz {112) find
to give clearance values close to the inulin figure.
Other substances used are sodium ferrocyanide, and the
hexitols, sorbitol, mannitol and dulcitol, and their
derivatives.

According to Smith, Finkelstein, and

Smith (109) these hexitols have clearances identical
with that of inulin.

From these various things sug-

gested, those which seem to be more practical and are
being mentioned most in the recent literature will be
discussed in more detail.

These ere the inulin clear-

ance, the diodrast clearance, the tubular excretion
of diodrast, and the tubular reabsorption of glucose.
INULIN CLEARANCE.

Inulin clearence is used synonymously with the
rate of formation of glornerular filtrate.

As has beer

mentioned before, the path of excretion is exclusively
through the glomerular membrane and it is neither re-
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absorbed nor excreted by the tubules.

Thus, if the

concentration of inulin is 100 mgm. per 100 cc. of
plasma and if 125 mgm. of inulin is excreted by the
kidneys into the bladder per minute, then 125 cc. of
plasma must have participated in the formation of the.
glomerular filtration.

The amount of inulin cleared

by the kidneys and the amount in the filtrate are
identical (117).

An average value is 125 cc. per min-

ute and the normal range is 100 to 150 cc.

To correct

to a standard body surface recent investigators have
selected 1.73 square meters as a standard.

Other than

being used as the urea clearance test, this test also
is used in several different ways.

It is used in

measuring the amount of water reabsorbed by the tubules.
This is found by subtracting the rate of urine flow
from the glomerularfiltration rate which is the inulin
clearance ('7).

It is useful to compare with the clear-

ances of other substances.

For instance since the urea

clearance is lower and the inulin clearance measures
the glornerular filtration rate, urea has been reabsorbed by the tubules.

From this the percent reab-

sorbed may be calculated.

This is also used to study

the behuvior in the kidney of various drugs.

For in-

stance sulfapyridine may be used as a clearance test
~
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and compared with the inulin clear~nce to see :tn wb 8 t
amount it is reabsorbed by the tub 1_11 es.

If a sub-

stance has a higher clearance than that of inulin, it
means that tris substance is exc'.!'eted by the tubules-such substacces are phenolsulphonphthalein, exogenous
creatinine, diodrast and hippuran (85).
Measurements of inulin clearance were at first
restricted to research laboratories.

Since then

Alving, Rubin and ~iller (8) developed a very sensitive and relatively simple colorimetrtc method for
inulin determinations at low plasma concentration and
in 1940 they (76) showed that the inulin clearance at
low plasma concentrations is an adequate measure of
the glomerular filtration Jtate in normal, nephritic
and hypertensive persons.

The procedure will be given

briefly as described by Alving and Miller (7).

The

subje~t is to eat a light breakfa~t consisting of half
a glass of milk and one slice of toast taken at 7:30
a .m.

To promote the free flow of urine the

s-1.

bj ect is

given half a glass of water at 6:30 a.m. and every
half hour following unt:l1 tbe test is completed.

A

control sample of blood is taken from tbe patient to
check on the non-inulin chromogenic materials in the
blood.

"-'

At 8:00 a.~. dissolve 10 grams of inulin in
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and compared with the inulin clearance to see in wbat
amount it is reabsorbed by the tubules.

If a sub-

stance has a higher clearance than that of 1nu11n, it
means that t~is substance is excreted by the tubules-such substances are phenolsulphonphthalein, exogenous
creatinine, diodrast and hippuran (85).
Measurements of inu1in clearance were at first
restricted to research laboratories.

Since then

Alvlng, Rubin and ~iller (8) developed a very sensitive and relatively simple colorimetric method for
inulin determinations at low plasma concentration and
in 1940 they ('76) showed that the inul1.n clearance at
low plasma concentrations is an adequate measure of
the glomerular filtration Pate in normal, nephritic
and hypertensive persons.

The procedure will be given

briefly as described by Alving and Miller (7).

The

subje~t is to eat a 11ght breakfast consisting or half
a glass of milk and one slice of toast taken at 7:30
a .m.

To promote the free flow of urine the subject is

given half a glass of water at 6:30 a.m. end every
half hour following until the test is completed.

A

control sampJ e of blood is taken fr om the patient to
check on the non-inulin chromogenic materials in the
blood.

At 8:00 a.m. dissolve 10 grams of inulin in

'-'
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100 cc. of normal saline.

Inject this intravenously

at the rate of 10 cc. per minute.
at body temperature.

It should be kept

The bladder is emptied in one

hour (or an hour and a half if there is massive edema)
and discarded.

Two consecutive hour samples are taken

and they are timed accurately.

At the mid-point of

each clearance period 15 cc. samples of blood are
taken.

The method of analysis mentioned above is

used for the determinations of inulin in the blood
and urine.

If surface area varies from tbe normal

the urine volume should be correct.

Correction factors

for this are given by Peters and Van Slyke (87).
DIOD11,C:.S1' CLK~R;,NCE.

The diodrast clearance test has been found to be
a satisfactory measure of the effective renal blood
flow.

By effec ti 1 re blood flow is meant thB t

the small

amount which supplies inert structures of the kidney
such as connective tissues is not ·rqeasured by the diodrast clearance •
At low blood concentr~tions, approximately 1.0
rngm. per 100 cc. of p1asma, all the ciiodrast entering
the arterioles leading to functioning nephrons, is
removed before the blood }eaves the kidney--a portion
is removed by the glome~uli and the rest excreted by

._,
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the tubules (107).

Diodrast like inulin is not de-

stroyed by the body (117) and does not enter the red
blood cells (13).

Thus, if the concentration in plasma

is 1.0 mgm. per 100 cc. of plasma and if 7 rngm. is excreted ~r minute into the bladder, 700 cc. of plasma
must have passed through the kidn€ys.

If whole blood

contains 40% ceJJs and 60% plasma, the effective renal blood flow would be approximately 1200 cc. per minute
which is nearly one-third of the cardiac output (117).
The range of renal f1ow of whole blood is 1000 to 1400
cc. per minute.

The ratio of glorreru]ar filtrate

(inulin clearance) to renal plasma flow (diodrast
clearance) gives what is called tte filtration fraction.
According to Amberson (13) this fraction has the mean
value of 18.9 percent which means that about one-fifth
of the blood plasma filters off as glomerular fluid
with each passage of the blood through the kidney.
MFJ.,8TRFJ1 EI1T OF TEBTILt,.R EXC~E'l'nRY

-

h: 1\.SS.
1

The data for glomerulrr filtration rates (inul:1.n

clearances) in groups of normel rnen and women ere
rather variable and acceptable norm&] standards are
not yet in hand.

As has been mentioned, some investi-

gators have corrected the raw data to a standard surface area of 1. 73 square meters on the a ss1:irnpti on that

'-"
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kidney sizes will vary approximately in proportion
to the surface area of the body.
considerable variation.

A

This still leaves

more promising approach to

tl:e attainment of standf:n·•d values is furnished. by the
measurement of the

-

11

tubul2r excretory mass, 11 for which

the symbol
Tm is used.
.

This conceut was first intro~

duced by Sha:"non and Fisher (103) who demonstrated
that in a dog the capacity of the tubules to reabsorb
glucose reaches a certain maximal value as plasma
glucose c0ncentrations are raised--this is the tubular
reabsorption of glucose (Tmg).

TElbott (117) gives

the example that if the concentration of glucose in
plasma is elevated to 400 rngm. per 100 cc. and the
rate of format5on of the glornerular filtrate is 125
cc. per minute, 500 mgm. of glucose will appear in
the glomerular filtrate each minute.

If only 200

mgm. per minute appears in the ur1ne then the difference between 500 and 200 i~ 300 which is the Trng,
the maximum amount reabsorbed.
Smith, Goldring, and Chasis (105) demonstrated in
man thBt the absolute amount of diodrast excreted by
the tubules reaches a maximum when the plasma level
attains a value of about 25 mgm. percent.

So the

symbol Tmd is the designation for the maximal capacity

'-"
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of the tubuJes to excrete diodrast when a greater
quantity is presented to them than they can handle.
Talbott also gives an example of this.

If the con-

cer,tration of the diodrast in the plasma is 25 rngm.
per 100 cc. and the rate of glornerular filtration is
125 cc. per minute, 30 mgm. of diodrast per minute is

filtered through the glomeruJ.1.

If

a

total of 80 !"!gm.

is excreted into the bladder, the difference between
the total and that in the glomerular filtrate is 50
mgm. which is the Tmd.

From the example we see that

in the calculation of diodrast Tm value rests upon the
sirnultar,.eous determination of inulin and diodrast c1earances.
Smith and his colleagues (107,105) argue that this
maximum value is a measure of the active renal tissue
or tubular excretory mass.

This is known to decline

in some diseases long before the glomerular filtration
rate is affected.

It is probably of more diagnostic

value than either glomerular filtration rate or renal
plasma flow (13).
If the in,llin clearance data of Goldring, Chasis,
Ranges and Smith (47) are corrected to a mean kidney
size on the assumption that size is directly proportional to the diodrast Tm, the values become much more
consistent (13).

'-"
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Smith (108) suggests a ratio which may be valuable
in comparing the diseased kidney with the normal kidney.

VVhere the plas_ma concentration is the only

changing factor, inert tissue is excluded from the
diodrast clearance (Cd) and the tubular excretory mass
(Trnd)--thus we are measuring the same vascular channels
and the same units of excretory function.

The ratio,

Ca/Tmd, expresses the virtual quantity of plasma completely cleared of diodrast per unit quantity of excreting tissue wbicb is effecting this clearance.

ThuE

in a diseased kidney, the cleared will be less than in
a normal kidney so in referring the diodrast clearance
to the total quantity of excretory tissue• (Cd/Tmd), a
datum is obtained which may be corrpared 'Nith observation in the nonnal kidney.
The new technics ju~t described are ways in which
the renal function can be analyzed in detail but the
technics are more difficult and not as yet practical
for hospital diagnosis.

But it is 'not too much to

hope that in their use valuable irformation will be
gained which may correct or improve various clinical

procedures now in use.

'-'
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SUMMARY AND CONCLUSIONS
The introduction briefly revlews normal and impaired renal function.
The development of the concentration tests is
traced and the technic of the most prominent tests is
described.

Since in the majority of cases the concen-

tratic:m test wi11 detect early impairment of kidney
function, it is considered one of the most sensitive
of the tests for qualitative eva1ustion of kidney function.

In considering the type of ~oncentration test

to be used, it seems onJy natural to use the simple~t
tests first.

Trus, if there is adequate concentration

in the first morning specimen of u~ine, this shows adeqUB.te concentrating function.

When this fails, one of

the most practical concentration tests is that described by Fishberg, but in using hts test one must
realize that this will not attain as high a specific
gravity as one of the tests using e longer preparatory
period.

In the absence of contrairdications the use

of pituitrin in a concentration test is Hn advantage in
eliminating a prolonged period of fluid deprivation and
in the presence of a reservoir of fluid in the form of
edema and ascites •

._,.

In considering the phenolsulphonphthalein test,
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it was noted that the intravenous method of in~ecting
the dye is more accurate Hnd reliable than the intramuscular or subcutaneous injections.

The fractional

test has been found to show evidence of renal impairment when the test performed with hourly collections
is interpreted as normal.

In the fractional test the

abnormal elimination of the dye is reflected chiefly
in the first fifteen minute specimen.

Although the

value of this test :tn showing impaired function in
nephritis has been accepted, the majority of investigators feel that the test is not as reliable as the
urea clearance test in following the course of renal
disease.

The interpretation of a low dye elim1nation

is often hazardous.

The test is especiaJly of value

in surgical cases but when results are in doubt, other
tests should be used for confirmation.
Pyelography is described as a practical test of
kidney function which although slightly less accurate
than the phenolsulphonphthalein test is a definjte aid.
Equations were given by which the percentage of the dye
excreted could be calculated: these equations may prove
to be more accurate than the interpretation of the excretory urogram in indicating the kidney function.
In reviewing the work on the clearance test, it

.,._,,
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was found that the urea clearance is the most practical
test for following the course of renal disease.

Com-

bining t~e use of the ureb clearance test with the concentration test the range of impaired kidney function
may be ade.:.;uately followed.

The urea ratio described

by Mosenthal is probably also of practical value in following changes in kidney function during nephritis.
More precise clear&nce tests were jescribed which are
more accurate in evaluating the function of the kidneys
and have been of gre,,t value in studying the details of
kidney physiology but as yet these tests are too difficult in technic to be practical for hospital diagnosis.
Accurate interpretation of any of the kidney function tests will be approached only when the interpretor
is aware of the main causes for low or high readings
which do not indicate change~ in the amount of functioning tissue in the kidneys •

.
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